ABSTRACT. Data from the slaughter of 24,001 chickens that were part of a selection program for the production of commercial broilers were used to estimate genetic trend for absolute carcass (CW), breast meat (BRW), and leg (LW) weights, and relative carcass (CY), breast meat (BRY), and leg (LY) weights. The components of (co)variance and breeding values of individuals were obtained by the restricted maximum likelihood method applied to animal models. The relationship matrix was composed of 132,442 birds. The models included as random effects, maternal additive genetic and permanent environmental for CW, BRW, LW, CY, and BRY, and only maternal permanent environmental for LY, besides the direct additive genetic and residual effects, and as fixed effects, hatch week, parents' mating group and sex. The estimates of genetic trend were obtained by average regression of breeding value on generation, and the average genetic trend was estimated by regression coefficients. The genetic trends for CW (+6.0336 g/generation), BRW (+3.6723 g/generation), LW (+1.5846 g/generation), CY (+0.1195%/ generation), and BRY (+0.1388%/generation) were positive, and they were in accordance with the objectives of the selection program for these traits. The genetic trend for LY (-0.0019%/generation) was negative, possibly due to the strong emphasis on selection for BRY and the negative correlations between these two traits.
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InTRoduCTIon
Over the last four decades, one of the greatest and most competitive agro-industrial complexes has been developing in Brazil: broiler production. From the beginning of this enterprise in the early 1970s up to now, nothing similar has been seen in the national agribusiness arena (Pinazza and Lauandos, 2000) . Currently, the country is the third largest producer and the largest exporter of chicken meat in the world, with around 10.2 million tons produced and 3.3 million tons exported in 2007 (ABEF, 2008) . The world production of chicken meat, according to the United States Department of Agriculture (USDA, 2007) , registered an increase of 6.2% in 2007 from 64 million to 68 million tons, with Brazil accounting for 15% of global production. All this development, not only in the Brazilian broiler industry but also worldwide, is mainly due to the intense selection process carried out and the usage of crossbreeding among breeds, which has resulted in a change of traditional concepts, producing specific lines with particular characteristics.
In the poultry industry, market changes are very common, requiring continuous improvement in the scheme and tools of breeding programs (Yang et al., 1999) . Consequently, it is necessary to conduct a detailed study of the needs of the food industry and an analysis of market trends, so that the targets of genetic progress are established (Figueiredo et al., 2000) . According to Schmidt and Figueiredo (1996) , the poultry industry, once again, will define the product to be produced based on the benefits that it will offer to the complete chain, from reproduction to post-slaughter processes. As a result of this entire process, the focus for the selection of commercial broiler lines, considering mainly the male lines (Lesson and Summers, 2000) , has been much more intense for the carcass traits providing advances in terms of carcass and portion yield rate of the animals, as a consequence of a world trend of the largest consumption of chicken meat being in parts (Flemming et al., 1999) , mainly breast meat (Pollock, 1997) .
As in any animal breeding program, it is necessary to follow the results so that it is possible to evaluate their development, as well as to make effective adjustments, aimed at the optimization of genetic gain and increase in profitability of production. Thus, the study of genetic trend in a population is an important element in the monitoring of selection methods, since it corresponds to observed changes in the average breeding values of animals studied for a specific trait during the selection work. According to Costa et al. (2001) , the study of genetic trend allows for the visualization of the efficiency of the selection procedures used and the quantification of the genetic changes of the traits under selection over time, besides the possibility of correcting eventual mistakes in the direction of selection (van Melis et al., 2001 ). According to Hudson and Kennedy (1985) , the follow-up and the interpretation of genetic trend estimates allows monitoring the efficiency of improvement strategies and assures that the selection pressure is directed towards the traits of economic importance, besides assisting in the definition of the selection objectives.
In this manner, the estimation of genetic trend of absolute and relative weights of carcass traits in broilers selected in Brazil makes it possible to direct, lead and even evaluate the efficiency of the selection applied, comparing the objectives of selection work in breeding programs. Besides, there are very few studies of genetic trends in chickens described in the literature (Le Bihan-Durval et al., 1998; Costa et al., 2005; Rezende et al., 2005; Gaya et al., 2005b Gaya et al., , 2007 Mourão et al., 2008; Vayego et al., 2008) , which makes it even more important to measure these parameters.
Therefore, the objective of the present study was to estimate genetic trend for absolute and relative weights of carcass traits in a commercial broiler line by the regression of breeding values over seven generations of selection.
MATERIAL And METhodS data
The information utilized came from siblings of an elite flock used for the production of commercial broilers belonging to Aviagen do Brasil. These individuals are part of a program denominated sib testing whose purpose is to evaluate carcass traits, helping to choose the best animals during the selection program of the elite flock. The chicks were placed in the company's broiler houses and raised with vaccination programs and nutritional management as recommended by Agroceres Ross (2004) . At 6 weeks, from November 2002 to December 2006, each flock of chickens was transported to the Experimental Processing Plant of the University of São Paulo, Pirassununga, SP, Brazil (21°58'S; 47°26'W). The chickens were on feed withdrawal for a minimum period of 10 h before slaughter. After slaughter, the carcasses were stored in a cold room at 0°C for 24 h, for later processing into portions and deboned.
The information collected from the individuals included carcass weight (CW), corresponding to the warm carcass weight, eviscerated, without neck, feet, abdominal fat, and internal organs; breast meat weight (BRW), where the breast was boneless and skinless, recorded after the carcass was refrigerated; leg weight (LW), corresponding to the thigh plus drumstick weight with skin and bones. The relative weights of carcass (CY), breast meat (BRY), and leg (LY) were calculated as the ratio between the absolute weights of each trait and the body weight at 6 weeks before slaughter. Approximately, 24,000 individuals were submitted for the collection of data for the carcass traits.
Statistical analysis
Data were processed at the Animal Breeding and Biotechnology Group, Department of Basic Sciences of the College of Animal Science and Food Engineering, University of São Paulo, Pirassununga, SP, Brazil (www.fzea.usp.br/gma). The extreme values defined as outliers were identified by the UNIVARIATE procedure of the SAS software (SAS Institute, 2004) and eliminated from the data set. The descriptive statistics (i.e., number of observations, mean, standard deviation, coefficient of variation, and minimum and maximum values) were calculated by the MEANS procedure of the SAS software (SAS Institute, 2004) and are illustrated in Table 1 .
The components of (co)variance, used to estimate the coefficients of heritability to predict the breeding values of the individuals are illustrated in Table 2 . These values were obtained by the restricted maximum likelihood method, using the MTDFREML software (Boldman et al., 1995 CW = absolute carcass weight (g); BRW = absolute breast meat weight (g); LW = absolute leg weight (g); CY = relative carcass weight (%); BRY = relative breast meat weight (%); LY = relative leg weight (%). = direct additive genetic variance; = maternal additive genetic variance; = covariance between the direct and maternal additive genetic effects; = variation due to maternal permanent environmental effects; = variation due to residual effects; = coefficient of heritability for direct additive genetic effect; = coefficient of heritability for the maternal additive genetic effect.
Table 2. Components of (co)variances and estimates of heritability coefficients with respective standard errors (SE) for absolute weights of carcass (CW), breast meat (BRW) and leg (LW), and relative weights of carcass (CY), breast meat (BRY) and leg (LY).
The animal models used in the univariate analysis included as random effects, maternal additive genetic and permanent environmental for CW, BRW, LW, CY, and BRY, and only maternal permanent environmental for LY, besides the direct additive genetic and residual effects. Such models are in accordance with the preliminary analysis that shows significant reduction on the estimate of -2 log L (likelihood function), according to the likelihood ratio test (Dobson, 2002) . In matrix notation, the most complete model can be presented as:
where y is the vector of observations; b, the vector of fixed effects; a, the vector of random direct additive genetic effect; m, the vector of random maternal additive genetic effect; c, the vector of random maternal permanent environmental effect; e, the vector of random residual effect, and X, Z 1 , Z 2 and W, the incidence matrices relating the observations to the fixed effects, random effects direct and maternal additive genetic, and maternal permanent environmental, respectively. Considered fixed effects were the hatch week (104 levels), the parents' mating group (50 levels) and the sex of the birds (two levels), and they were the same for all models studied. The parents' mating group are the flocks from which the parents of each individual originated, representing the total environmental condition in which these flocks were submitted and that influenced the progenies' performance. The importance of these effects was determined by the GLM procedure of the SAS software (SAS Institute, 2004) , which was significant (P < 0.0001) for the traits studied.
The genetic trend for the carcass traits was estimated by regression of average breeding values of birds in seven generations of selection, according to the regression model:
where y is the average breeding value; x, the generation; a, the equation constant; b, the angle coefficient of the equation (linear regression coefficient), and e, the random residual, NID (0, σ 2 ). The average genetic trend was estimated by regression coefficients, whose importance were determined by the GLM procedure of the SAS software (SAS Institute, 2004) , which was significant for all evaluated traits. The regression and determination coefficients were estimated by the REG procedure of the SAS software (SAS Institute, 2004) , which made it possible to determine genetic development in this population for all traits studied.
RESuLTS And dISCuSSIon
The genetic trend estimates for CW, BRW, and LW were positive, i.e., +6.0336, +3.6723, and +1.5846 g/generation, respectively (Table 3 ; Figures 1A-C) , indicating that throughout the generations evaluated, these traits tend to increase in the population being studied. Rezende et al. (2005) , working with an animal model including as random effects direct additive genetic and residual, and considering as regression the average of breeding values due to the years of selection, found trends of +2.70 and +1.92 g/year for CW and LW, respectively. Table 3 . Genetic trend estimates (b) with respective standard errors (SE) and determination coefficients (R 2 ), according to the generations evaluated. CW = absolute carcass weight (g); BRW = absolute breast meat weight (g); LW = absolute leg weight (g); CY = relative carcass weight (%); BRY = relative breast meat weight (%); LY = relative leg weight (%). In a similar way, the genetic trend estimates obtained for CY and BRY were positive, i.e., +0.1195 and +0.1388%/generation, respectively (Table 3; Figure 1D , E), agreeing with the objective of the present selection program, which is to increase the gain of these traits. The genetic trends for BRW and BRY were greater than the ones observed by Le Bihan-Durval et al. (1998) who reported values of +2.786 g/generation and +0.0975 %/generation, respectively.
For LY, the genetic trend estimate was negative, i.e., -0.0019%/generation (Table 3 ; Figure 1F ), possibly due to the greater emphasis given to the selection of BRY and the negative correlations between these traits. Estimates of negative genetic correlation between BRY and LY (-0.74) were reported by Gaya et al. (2005a) .
According to the graphs, it can be seen that there is an increase in breeding values for all traits studied over the generations evaluated, except with LY. Smaller gains for LY occurred, possibly, due to the greater emphasis given to the selection of BRY, as it represents a big interest for the poultry industry, and the negative correlations between the two traits.
The results obtained in the present study indicate that the strategies of the adopted selection in the breeding program of the population in question, during the period of the study, seem to be efficient in promoting genetic progress in the carcass traits analyzed.
